INTRODUCTION
The leopard seal has a circumpolar distribution inhabiting pack-ice and waters south of the Polar Front. Given their preference for living on the ice, the species is referred to as a pagophilic seal (Ray 1970 , King 1983 ) or a proper Antarctic seal . In Antarctica, it is the largest of the pagophilic seals, which also include the Crabeater seal, Lobodon carcinophaga (Hombron & Jacquinot 1842), Weddell seal, Leptonychotes weddellii (Lesson, 1826) and the Ross seal, Ommathophoca rossi Gray, 1844. In addition, leopard seal is the most voracious of the pagophilic seals, taking a diverse range of prey, including krill, fishes, cephalopods, sea birds (mainly penguins) and young seals (Hamilton 1939 , Gwynn 1953 , Brown 1957 , Penney & Lowry 1967 , HallAspland & Rogers 2004 , Casaux et al. 2009 ).
The leopard seal population is mainly distributed on the outer fringes of the circumpolar pack-ice to 78°S and it largely remains within these fringes as the pack-ice retreats during spring and summer (Gilbert & Erickson 1977 , Bester et al. 1995 , Bester et al. 2002 , Rogers et al. 2005 , Rice 1998 . However, some individuals disperse northwards and have been sighted on the continents abutting the Southern Ocean (example (ex.) Barrett-Hamilton 1901 , Scheffer 1958 , Best 1971 , Horning & Fenwick 1978 , King 1983 , Rounsevell 1988 , Slater 1991 , Rounsevell & Pemberton 1994 , Mawson & Coughran 1999 , Reeves et al. 2002 and the Subantarctic islands. Leopard seals aggregations have been documented yearround at Heard (Gwynn 1953) and South Georgia (Hamilton 1939 , Laws 1957 ) Islands, and seasonally at Macquarie (Gwynn 1953 , Rounsevell & Eberhard 1980 , Bird (Walker et al. 1998) , Falkland (Hamilton 1939 , Bonner & Laws 1964 , South Orkneys (Hamilton 1939 , Erickson et al. 1970 , South Shetland (Laws 1957 , Aguayo-Lobo & Torres 1967 , Erickson et al. 1970 , Aguayo-Lobo 1970 , Hiruki et al. 1999 , Kerguelen (Paulin 1952 , Bester & Roux 1986 , Borsa 1990 , Marion (Bester et al. 2006) and Amsterdam (Dearborn 1952) Islands. Although most leopard seals remain associated with sea ice or glacial ice, the northernmost record is from the Cook Island (Berry 1960) .
In South America, some vagrant leopard seals have been reported in the Atlantic coast of Brazil (Ximénez et al. 1987 , Pinedo 1990 , Rosas et al. 1992 , Ferreira et al. 1995 , Velozo 2007 , Uruguay (Vaz-Ferreira 1984 , Naya & Achaval 2006 and Argentina , Goodall et al. 2005 , Barquez et al. 2006 , Bastida et al. 2007 , Diario del Fin del Mundo 2007 . For the Pacific coast, at least 19 vagrant individuals have been documented along the Chilean coast since 1927, between 30°10´S and 56°S (Plüschow 1927 , Oliver-Schneider 1946 , Yañez 1948 , Housse 1953 , Markham 1971 , Scheffer 1978 , Sielfeld 1978 , Torres et al. 1979 , Torres et al. 2000 , including Juan Fernández Archipelago , Torres 1987 . However, after 2000, leopard seal sightings increased markedly, mostly in the southern channels of Tierra del Fuego. Therefore, the aim of this paper was to review and present new information on the presence of leopard seals along the Chilean coast and discuss their year-round occurrence as an example of the connections between Antarctica and South America marine environments. Another data source consisted of published and unpublished records made by local scientists along the Chilean coast. Information on the presence of "seals" provided by lay people, fishermen, newsletters among others were also considered after careful examination of the information reliability and available pictures. For those geographical positions whose longitude was unknown, it was estimated by obtaining the longitude of the coastline at the known latitude.
MATERIAL AND METHODS

Data
Due to the differences in the geography of the coastline and the ocean currents along the coast of Chile, the study area was divided into three zones: i) the Central-Northern zone ranges between 18°20´S and 39°59´S and is characterized by a regular and smooth coastline influenced by the cold coastal Humboldt Current; ii) the Oceanic Islands encompass Desventuradas Islands, Juan Fernández Archipelago and the Eastern Island, all of which are influenced by a warm water current; and iii) the Southern zone ranges between 40°00´S and 56°00´S and is characterized by a very complex and intermittent shoreline with thousands of islands and islets, as well as hundreds of channels that form fjords, bays and sounds, all of which are influenced by glaciers and the cold Cape Horn Current (Figure 1 ).
The sex of at least 36 specimens were identified in the field from genital examination, and another five animals via molecular sexing of skin samples collected at Parry fjord by boat, using a lightweight biopsy dart fired from a modified veterinary rifle, Paxarm (Krützen et al. 2002) . The sex was identified by amplification of sex-specific markers following the protocol of Gilson et al. (1998) . 
RESULTS
A total of 67 sightings with 115 individuals of leopard seals are reported along the Chilean coast from 1927 to 2010 (Table 1, Fig. 2 ). Of these, 96 individuals (83.4% of the recorded animals) were registered after 2000. The northernmost sightings occurred at Eastern Island (29°09´S) and, for continental Chile, at "La Bandera" beach, Punta Choros (29°13´S). The southernmost sighting occurred to the southwest of Beagle channel (55°06´S). The more old record of leopard seal is given in the film of Gunther Plüschow in 1927 at Almirantazgo Sound (possibly Parry fjord) where shown at least one leopard seal resting on ice floes. The records of leopard seals in the CentralNorthern zone were distributed from 29°13´S (Punta Choros) to 39°55´S (San Juan river), with at least 25 sightings of solitary individuals (Figures 2 and  3) . Two of these records correspond to the same individual (sightings N° 19 and 20, Table 1 ) that was tagged with Rototag numbers 3011 and 3021 in Punta Topocalma (34°10´S) and re-sighted two days later at Algarrobo beach (33°21´S). Only 11 individuals were sexed in this zone, involving six females and five males. Most of the records (52%) occurred between 33-34°S, and 19.2% occurred between 36-37°S. All individuals were juveniles, except for one adult male observed at "Quisco" beach (33°25´S). Sightings were more frequent during winter and spring seasons (n = 23 sightings), particularly in July and August (n = 12 sightings). Regarding body condition, at least five leopard seals were reported to be in poor condition and/or with multiple injuries, and two animals died later (sightings N°14 and 50). One individual (sighting N°11) was found dead on the beach with multiple injuries to the skull. Another two injured individuals (sightings N°12 and 49) were positively treated by the Wildlife Rescue and Rehabilitation Centre of MUCINASA and then released on the beach; one of them remained around the release location for about one month. Only two individuals have been reported in the Oceanic Islands zone. The first record corresponds to a skin remains of a juvenile individual from Robinson Crusoé Island . However, Torres (1987) based a survey of local fishermen reported that the presence of "Tigrillo" (name given by island people to leopard seals) was not new, and that they are hunted by the fisherman as they The number of animals per sighting in each location ranged from 1 to 9. Group size was larger at the Parry fjord (mean = 6 individuals per sighting, range: 1-9), followed by D´Agostini sound (mean = 2.2, range: 1-4). The Beagle channel and the southwest coast of Santa Inés Island presented 1.6 and 1.7 individuals per sighting (range: 1-3), respectively.
Juvenile and adult leopard seals of both sexes were seen seasonally (mainly during summer) on the southwest coast of Santa Ines Island and the Beagle channel; during summer, winter and spring in the D´Agostini sound, and year-round in the Parry fjord. In addition, both adult males and females were present mainly in spring and summer at the Parry fjord, and at least three adult males and two females were observed in autumn and late winter, respectively. More animals were expected to have been seen during an expedition conducted in mid-winter to Parry fjord, however we were unable to explore the entire fjord due to bad weather and the heavy pack-ice. It is interesting to note that a small leopard seal (visually estimated at 180-cm long, N°27) was observed resting on ice floe in late November at Parry fjord.
DISCUSSION
The movements of leopard seals are difficult to study because of their solitary nature (Borsa 1990 ). However, a number of leopard seals are thought to displace north from the pack-ice to the sub-Antarctic Islands (ex. Gwynn 1953 , Rounsevell & Eberhard 1980 Bester & Roux 1986) or venture even farther north, especially during long-term irruptions of nonbreeding leopard seals. Occasional sightings have been reported in Australia (Barrett- Hamilton 1901 , Jones 1925 , Berry 1960 , Ingham 1960 , Csordas 1963 , Marlow 1967 , Rounsevell & Pemberton 1994 , New Zealand (Horning & Fenwick 1978) , South America (ex. Scheffer 1978 , Markam 1971 , Ximénez et al. 1987 , Vaz-Ferreira 1984 , Torres et al. 2000 , Bastida et al. 2007 and South Africa (Roberts 1951 , Courtney-Latimer 1961 , Best 1971 . In addition, the leopard seals seen to the north of the Antarctic Polar Front tend to be immature animals (Siniff & Stone 1985 , Bester et al. 2006 , and the proportion of immature seals hauling out increases with decreasing latitude (Rounsevell & Pemberton 1994) . Nevertheless, small numbers of all ages are observed throughout the year at Kerguelen (Bester & Roux 1986 , Borsa 1990 ) and Heard (Gwynn 1953 , Brown 1957 ) Islands, and seasonally on other locations such as Macquarie (Rounsevell & Eberhard 1980) and Bird (Walker et al. 1998 , Jessopp et al. 2004 Islands.
Presence of leopard seals in Chile has been reported mainly to south of 40°S (see Table 1 ). To our knowledge the oldest record of leopard seal at Chile is given in the film of Gunther Plüschow in 1927. In this film shown at least one leopard seal resting on the ice floes when sailing Almirantazgo Sound onboard the vessel "Feuerland". Although the exact location is unknown, is possible that this animal was resting at Parry fjord. Meanwhile the first multiple sightings was also documented in February of 1971 at Parry fjord, regarding simultaneously four individuals (Markham 1971) . This author noted that the thermal characteristics of the fjord were very similar to the Antarctic habitat (water and air temperature and presence of ice and pack-ice), providing a favorable summer habitat for the leopard seal. Later, Sielfeld (1978) reported the presence of another leopard seal in the same locality during February 1978, and based on artisanal fishermen anedoctes, suggested that leopard seals occurred year-round in the Patagonian channels. He also suggested that these individuals derived from a potential sub-Antarctic population or from partial migration of immature animals that delayed their migration to the Antarctic.
The presence of leopard seal since 1927 and the increase of number sightings from 1971 in southern localities of Chile with similar habitat to the Antarctic environment, and the presence of both males and females of all ages and in good condition from summer to spring, especially at Parry fjord and D´Agostini Sound, suggest that leopard seals remain year-round in the Fueguian channels. In fact, satellite telemetry data revealed relatively restricted movements, particularly during winter, of adult leopard seals in Pridz Bay, Eastern Antarctic (Rogers et al. 2005) . Other satellite telemetry data from Queen Maud Land, Eastern Antarctica, shown that two adult leopard seals take on quite extensive northward winter migration but always stayed close to the edge of the pack ice with only occasional haul outs (Nordøy & Blix 2009 ). Both satellite telemetry data suggest that the movements although slightly offshore did not reflect the usual northward winter migration described for the juvenile leopard seal. It is also possible that the numbers of leopard seals seen in the different southern fjord of Chile in different years represent only a portion of those present, due to illegal sealing made by fishermen as leopard seals are considered very dangerous to them. Moreover, the sightings of adult males and females in spring and summer in both Parry fjord and D´Agostini Sound coincide with the reproductive season of this species in the Antarctic pack-ice (Hamilton 1939 , Gilbert & Erickson 1977 , Kooyman 1981 , Rogers et al. 2005 , and considering that the length between birth and the first six months of this species is about 1.2 to 1.9 m (Valette 1906 , Matthews 1929 , Hamilton 1939 , the small individual seen in late November (sighting N°27) could possibly have been a pup born at Parry fjord, Almirantazgo Sound. However, additional data are required to assess if the leopard seals are breeding in the fjords of South America.
Under the above scenario, the presence of leopard seals in the Northern-Central zone is quite different. Except for one adult male recorded in winter and spring and absent from late spring to late autumn, all sightings consisted of immature individuals. This northward movement, possibly from the Southern zone, concurs with the breeding season of the species and the consequent increase of aggressive behaviour by older individuals, which produces a greater degree of spatial separation among individuals (Müller-Schwarze & Müller-Schwarze 1975) , particularly on juveniles (Rounsevell & Eberhard 1980) . It will reinforces the fact that occurrences, mainly juveniles, to the northernmost areas of Chile could probably also be influenced by social behaviour events. Moreover, in the Central-north zone of Chile, leopard seals were usually not re-sighted the following day, and multiple sightings within the same year never occurred at the same beach. This indicates either the presence of solitary individuals, or that individuals tend to haul out sporadically at various locations. Nonetheless, it is possible that not all leopard seals in the area haul out despite the presence of land, and the numbers recorded may represent only a portion of those present.
Our review suggests that the leopard seal is a regular member of the marine fauna in the Southern zone, with occasionally hauling out along the CentralNorthern zone as seasonal vagrants. Otherwise, the number sightings of leopard seals increased four times from 2000 to 2010 (n = 52) with respect to 1927-1999 (n = 14) , although it is not clear, however, if this increase could be related to the rise of observation efforts, human expansion, population growth, or if it might reflect environmental modification due to climate change. Although there is no evidence of a long-term increase in average annual air temperatures around Magellan Strait (Santana et al. 2009 ), the reduced winter sea ice extent due to the increasing air temperatures of the Antarctic Peninsula region (Vaughan et al. 2003) could potentially cause a dispersion to the north of individuals, particularly young's, in search of suitable habitat.
One of the questions to be resolved refers to the rationale for the northward dispersion of some individuals. Traditionally, the movement of leopard seals from the Southern Ocean northward of the Antarctic Polar Front has been attributed to the northward extension of the pack ice during winter (Gwynn 1953 , Bonner & Laws 1964 , Rounsevell & Eberhard 1980 , Bester & Roux 1986 , Hempel 1990 , Testa et al. 1991 , Bester et al. 1995 , Jessopp et al. 2004 . The seals would then return back towards the Antarctic continent during austral spring (Brown 1957 , Erickson et al. 1971 , Siniff & Stone 1985 . Intra-specific aggression (mainly towards immatures) or food shortages have also been suggested to explain the seal migration to the north (Øritsland 1977 , Rounsevell 1988 , Rogers & Bryden 1997 . Although our data are limited and it is not possible to rule out that these rationale can drive the northward dispersion, especially considering the close proximity of the Fueguian channels area with the Antarctic continent (508 nm) in relation to another continents, the Malvinas current could also be a potential via for the northbound movements from Antarctica to South America. This current is a narrow branch of the Antarctic Circumpolar Current that flows northward along the South Atlantic coast of South America (Legeckis & Gordon 1982 , Garzoli 1993 , Matano et al. 1993 , Vivier & Provost 1999 transporting relatively fresh and cold waters (mean sea surface temperature = 6°C) over the continental slope (Brandini et al. 2000) . In addition, the Malvinas current is characterised by high levels of biological productivity from coastal upwelling along the southeastern portion of Patagonia (Csirke 1987 , Lutz & Carreto 1991 , Sabatini et al. 2004 . Assuming the leopard seals take advantage of this current, once they reach the tip of South America they can potentially move to the inlets in search of suitable "Antarctic" environments (ex. glacial areas), which are absent on the Atlantic Patagonian coast.
The year-round presence of leopard seals in the Fueguian channels suggests that they might benefit from locally abundant food resources such as penguins, South American fur seals, seabirds, fishes, cephalopods and euphausiids. In fact, the diet of the leopard seal in Antarctica is reported to consist of diverse prey items that include all kinds of prey from small krill to other species of seals (Penney & Lowry 1967 , Hunt 1973 , Müller-Schwarze & Müller-Schwarze 1975 , Gilbert & Erikson 1977 , Øritsland 1977 , Siniff & Stone 1985 , Bester & Roux 1986 , Green & Williams 1986 , Lowry et al. 1988 , Borsa 1990 , Kooyman 1981 , Rogers & Bryden 1995 , Hiruki et al. 1999 , Vera et al. 2004 . Despite the species' diverse diet, there is also evidence for spatial and temporal variation in the relative proportions of the various prey items (Laws 1984) . For some leopard seal populations, penguins are considered a temporary resource (Penney & Lowry 1967) , but for others, penguins are a greater component of the diet (HallAspland & Rogers 2004) . The stomach of an adult female killed at Parry fjord exhibited remains of fish and Magellan penguin (Spheniscus magellanicus) (Markham 1971) . However, we have opportunistically seen brown scats without the presence of feathers or fur on ice floes, suggesting possibly a diet comprised of fish. The scats of a leopard seal sighted at Santo Domingo beach in July of 1995 revealed fish and seabirds as prey items (JLB pers. obs.).
Although the observations presented here suggest a year-round presence of leopard seals in the Southern area of South America, further research such as satellite telemetry studies, together with additional sampling for genetic analysis are urged to verify movements behaviour and residency of young and adult leopard seals between the southern fjords of South America and Antarctica and/or Sub-Antarctic Islands.
